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652a Wednesday, February 29, 2012transport characteristics, both for the salivary glands and other epithelial tis-
sues. This role for aquaporins has been called, by some authors, thesimple per-
meability hypothesis’ (SPH). Aquaporin knockout studies, in which the effects
of targeted knockouts of aquaporins are considered, are most often interpreted
as supporting the SPH; however, this interpretation has been challenged by
some researchers, who, on the contrary, view knockout studies as providing
evidence against the SPH. We consider a mathematical model for salivary
secretion based on a SPH-type mechanism, and consider whether a model of
this type is sufficient to account for the key features observed in aquaporin
knockout studies. We conclude, contrary to the recent objections raised, that
a model of this type does appear to able to account for these features. In addi-
tion, some model features appear generalisable in such a way as to account for
other patterns in knockout studies - in particular the lesser/greater effect of
knockouts on the transport rates of epithelial systems that transport at a
lower/higher overall rate.
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Regulated fluid transport in the lung is a necessity for maintenance of a healthy
lung environment. However, the role of the alveolar epithelium, consisting of
alveolar type I and II (ATII) cells, remains largely undetermined. While the
ATII cell is mainly known for secretion of lung surfactant via exocytosis of la-
mellar bodies (LBs), it is also thought that it may assist in fluid homeostasis as
well, both critical for alveolar function. Directed ion transport across the ATII
cell will result in secretion or absorption of fluid into or from the alveolar hy-
pophase, respectively. We have recently described that exocytic fusion of LBs
with the plasma membrane (PM) results in a transient, non-selective, inward-
rectifying, cation current across P2X4 purinergic receptors located on the mem-
branes of fused LBs (PNAS 2011, 108(35):14503-8). This leads us to propose
that regulation of LB exocytosis also modulates fluid transport across the alve-
olar epithelium via this ‘‘fusion-activated’’ cation influx. Experiments combin-
ing fluorescence and atomic force microscopy (AFM) confirmed that
exocytosis of LBs leads to an instant increase in ATII cell volume that is reg-
ulated within mins. Following stimulation of ATII cells with ATP, the height of
the ATII cells increased by 30% in cells when LBs fused with the PM after
stimulation, but slightly decreased in cell without fusing LBs. These data indi-
cate a link between LB fusion (and hence surfactant secretion) and regulation of
fluid transport.Motions of the Cell Surface Molecules
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While there have been many studies on the diffusion of membrane lipids in eu-
karyotic cells, which have given insight into the structure and organization of
these membranes, little is known to date of their mobility in bacterial mem-
branes, specifically the Gram negative bacteria, Escherichia coli. The E. coli
outer envelope consists of inner and outer lipid membranes that are separated
by a periplasmic space containing the cell wall. The outer membrane is unique
in that it is thinner than mammalian plasma membranes and consists of a phos-
pholipid inner leaflet with a predominantly lipopolysaccharide (LPS) outer
leaflet.
Here we look at the diffusion of the fluorescent lipid analogs DiI, FAST DiO,
and TopFluor-PC in the outer membrane of live E. coli cells using single mol-
ecule imaging/tracking techniques. Lipid analog dynamics are compared in
several cells - E. coli with no O antigen, E. coli with no core oligosaccharides,
and a mammalian cell line – at several sampling rates. Lipid analogs deviate
from free diffusion at time scales smaller than 30 fps for FAST DiO and smaller
than 260 fps for TopFluor-PC. The diffusion of lipid analogs differs according
to the charge of the headgroup and fatty acid composition. These differences
give evidence for predictions that LPS plays a role in membrane structureand organization and may imply a lipid-based compartmentalized structure
in E. coli.
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Integrins are ubiquitous membrane proteins that are involved in cell adhesion
and signaling across the cell membrane. We use a combination of fluorescence
microscopy and methods to modulate the concentration of a single cellular
component to measure its role in altering aPS2CbPS integrin diffusion or clus-
tering. Our work provides vital information on the molecular mechanism of
integrin function through altered dynamics and membrane organization.
Clustering is measured using a noninvasive fluorescence resonance energy
transfer assay that does not require attaching fluorescent tags to the integrin
and sub-diffraction stimulated emission depletion imaging. Diffusion is mea-
sured using a fluorescent protein labeled integrin and fluorescence recovery
after photobleaching. The concentration of cellular components is modulated
using RNA interference, cholesterol extraction with cyclodextrin, or glass
slides coated with varying concentrations of extracellular proteins. Among
our interesting findings we have determined that cholesterol depletion de-
creases integrin clustering but results in more constrained (i.e., less Brownian)
integrin diffusion. Reducing the concentrations of insulin receptor or notch
membrane proteins decreases integrin clustering; and reduced concentrations
of these, as well as several other membrane proteins, results in less constrained
integrin diffusion. The role of cytoplasmic proteins in altering integrin cluster-
ing depends on the concentration of extracellular ligand. Reducing the concen-
tration of certain cytoplasmic proteins such as talin and focal adhesion kinase
results in less constrained integrin diffusion, while a subset including actin and
vinculin increases constraints to integrin diffusion. The role of extracellular,
membrane, and intracellular proteins or small molecules in altering integrin
clustering or diffusion is different for integrin mutants with altered ligand affin-
ity compared to wild-type integrin. We hypothesize that altered partitioning
into membrane nanodomains is the main mechanism for altered integrin clus-
tering and diffusion at altered cytoplasmic, membrane or extracellular protein
concentrations.
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The bacterial proteins of Min family play key roles in mid-cell localization of
cell division septum. MinD-ATP accumulates on the cell membrane and MinE
regulates membrane release of MinD by triggering ATP hydrolysis. This results
in the oscillation of MinD between cell poles generating time-average MinD
concentration minimum at the mid-cell. MinC, a septum formation inhibitor,
co-localize with MinD to ensure mid-cell septum formation. In vitro, the
Min proteins display interconverting modes of dynamic pattern formation in-
cluding propagating waves, spatially near-uniform oscillations of surface con-
centration, propagating filament-like structures, and
mobile amoeba-like structures surrounded by MinE
rings similar to the MinE ring in vivo (V Ivanov and
K Mizuuchi, PNAS 107, 8071 (2010)).
We tracked single-molecules of MinD and MinE that
constitute the wave pattern and found two different dif-
fusion states: free-diffusing and trapped (Fig, Free tra-
jectory is blue; trapped in different colors). The fraction
of the trapped state of MinD molecules increases near
the wave tail where MinE concentration is high and
a large fraction of MinE is also in the trapped state.
MinE molecules in trapped state jump between differ-
ent trap locations.3313-Pos Board B174
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Tracking individual potassium channels in the plasma membrane reveals com-
plex dynamics involving anomalous diffusion. Theoretical models show that
Wednesday, February 29, 2012 653aanomalous subdiffusion can be caused by several different processes. In partic-
ular, transient binding events, modeled by a continuous time random walk
(CTRW), may not only induce anomalous subdiffusion but also weak ergodic-
ity breaking, that is, the ensemble and time averages do not coincide. We stud-
ied the physical mechanism underlying Kv2.1 and Kv1.4 potassium channel
anomalous dynamics by performing time series analysis of extensive single
molecule tracking in the membrane of live mammalian cells. We find ample
evidence showing that the ensemble and temporal distributions are different.
Our data reveal that two anomalous subdiffusion processes simultaneously co-
exist and only one of them is ergodic. Weak ergodicity breaking is found to be
maintained by immobilization events as long as 60 seconds. In the presence of
either actin or chlathrin inhibitors, ergodicity is recovered. In order to elucidate
the effects of clathrin endocytosis on Kv2.1 trafficking and diffusion, we have
performed simultaneous total internal reflection fluorescence imaging of
quantum-dot-tagged Kv2.1 and RFP-tagged clathrin. Our results show that
Kv2.1 channels are frequently recycled from and to the plasma membrane. Re-
trieval of Kv2.1 from the membrane is found to be attained via a clathrin-
mediated endocytic pathway. These endocytic/insertion processes are needed
to maintain a nonergodic CTRW. Furthermore, the Kv2.1 stalling events coloc-
alize with clathrin clusters. These results suggest that abortive endocytic events
are responsible for the observed channel immobilization in the plasma
membrane.
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Much work is being done on anomalous subdiffusion in the plasma membrane,
cytoplasm, and nucleus of cells, and in model systems. The main questions
are whether diffusion is anomalous or normal, the value of the exponent if
diffusion is anomalous, the ergodicity, and interpretation in terms of mecha-
nisms. The field is controversial, especially the hypothesis that crowding causes
anomalous subdiffusion. There are two consensus views on this hypothesis,
unfortunately contradictory (Hoefling and Franosch, Phys Rev Lett 2007;
Dix and Verkman, Ann Rev Biophys 2008). The experimental evidence on
both sides has a major limitation: those arguing against anomalous subdiffusion
have no positive control and those arguing for anomalous subdiffusion have
no calibration standard. So it would be useful to have an experimental standard
for anomalous subdiffusion, one able to cross-calibrate SPT, FCS, FRAP, and
PGSE NMR measurements. Several requirements apply. The anomalously dif-
fusing particle must be detectable by both fluorescence and NMR. Diffusion
must be anomalous over the length and time scales of all these methods, several
micrometers and seconds for the optical measurements, and longer lengths
for most PGSE measurements. The length scale is fundamental; the time scale
can be tuned via the viscosity of the medium. The standard ought to be simple,
reproducible, and commercially available. The standard must be theoretically
well understood, with a known anomalous subdiffusion exponent, ideally read-
ily tunable. Among the candidate experimental systems for SPT are the random
walk of excitons on a large-scale percolation cluster, as in the classic experi-
ments of Kopelman; single-file diffusion in pores; transient anomalous self-
diffusion due to binding of particles in arrays of laser traps or transcription
factors in DNA arrays; and computer-driven physical trajectories in which
a stable fluorophore is moved by a piezo stage. (Supported by NIH grant
GM038133)
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Lipid-protein interactions are a crucial but poorly understood aspect of
regulation at the cell membrane. Membrane diffusion and organization have
been extensively studied using techniques such as fluorescence correlation
spectroscopy and homo-FRET. Despite its sensitivity to changes in membrane
protein coupling, however, rotational diffusion remains a largely unexplored
parameter of these systems. In this work, time-resolved fluorescence anisotropy
with single molecule precision is applied to reconstituted membrane signaling
systems. A versatile platform based on picosecond time-correlated single pho-
ton counting from a tunable laser source is presented. As one example, the ro-
tational diffusion of fluorescent protein is characterized in complex with
ICAM-1, a participant in spatially organized cell-cell signaling events. This
method is readily extendable to the study of lipid diffusion in membranes,single-molecule protein-lipid interactions, and protein attachment to synthetic
membrane systems.
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Single-molecule tracking (SMT) experiments have shown that post-synaptic re-
ceptors (e.g. AMPA, NMDA, Glycine or GABA receptors) can be described as
being in a dynamic equilibrium between free extrasynaptic diffusion and con-
fined motion at synapses where they are transiently stabilized by molecular
scaffolds. Although these experiments have been useful in characterizing re-
ceptor motion, they only provide a partial description of the biochemical envi-
ronment encountered by the receptors. Indeed, standard analysis of SMT
measurements fails to properly distinguish the contributions of viscosity and
specific binding processes in molecular movements. Here, we use high-
density single-molecule imaging coupled to statistical inference methods to
separately map the diffusion and energy landscapes of proteins in cell mem-
branes with a resolution of ~70 nm. With this novel approach, we analyze
the properties of a transmembrane protein susceptible or not to interact with
the synaptic scaffold protein gephyrin, thus mimicking the behavior of glycine
receptors at inhibitory synapses. The energy maps reveal that gephyrin clusters
act as shallow energy traps with a depth ~3 kT, offering a trade-off between
receptor stability and plasticity at synapses. This depth is independent of the
trap extension, consistent with the organization of gephyrin clusters as two-
dimensional scaffolds. Next, we used the phenomenological diffusion and
energy maps as inputs for simulating the lateral dynamics of individual trans-
membrane proteins. Thereby we evaluated the distributions of key parameters
of the dynamic equilibrium: the residence time at synapses and the first passage
time of an extrasynaptic receptor at a synapse (namely, the association and dis-
sociation rate). Finally, we show that the diffusivity and energy landscapes lead
to anomalous membrane diffusion, likely due to broadly-distributed trapping
times. Overall, our approach is applicable in many contexts and constitutes
an important step towards the in situ analysis of biochemical processes.
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Tetraspanins CD9 and CD81 are thought to modulate lateral organization of
plasma membrane in time and space, hence to have an implication in many cel-
lular processes like adhesion, migration, signaling and fusion. Few years ago,
using single molecule tracking (SMT), our group has demonstrated that CD9
proteins can associate to and dissociate from Tetraspanin Enriched Microdo-
mains (TEMs) and that this dynamics can be modulated by cholesterol concen-
tration and cytoskeleton organization. More recently, our collaborators and we
have also shown that CD9 is specifically recruited and confined in assembly
sites of HIV-1, in correlation with the budding process. Surprisingly, when
we investigated the influence of virus egress on CD81, we discovered that,
even if this tetraspanin is also trapped into budding sites, its dynamics is differ-
ent from that of CD9. In order to identify the key regions in CD81 structure that
lead to its slow motions as compared to CD9’s, we studied the dynamics of chi-
meric forms of these two tetraspanins using SMT. We also explored the role of
the cytoskeleton upon the dynamics of these proteins using specific drugs to
disorganize actin or microtubule network. Our results reveal that several do-
mains of the CD81 protein are responsible for its membrane behavior and
that both CD9 and CD81 dynamics and partitioning within plasma membrane
are largely dependent on the cytoskeleton integrity.
Keywords : tetraspanin, CD81, CD9, membrane dynamics, microdomains, cy-
toskeleton, single molecule tracking.
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